suMMARY The diagnoses and age at presentation of 1665 infants with symptomatic heart disease, who were admitted to the Brompton Hospital, London, during the period 1973-82 were reviewed. The frequency of certain conditions had changed during the period of the study. Complete transposition of the great arteries and critical aortic stenosis had become less common, whereas the frequency of right ventricular outflow tract obstruction, and of critical pulmonary stenosis in particular, had increased. Several conditions, including coarctation of the aorta, hearts with univentricularatrioventricular connexion, and double outlet ventricle, formed a higher proportion of cases in the present series than in the New England Regional Infant Cardiac Program study, whereas the proportion of cases of atrial septal defect, hypoplastic left heart syndrome, and pulmonary atresia with intact septum was smaller. Most of the cyanotic infants presented during the first 14 days of life at the time of ductal closure. As expected this was also true of other duct dependent circulatory disorders such as aortic coarctation and interrupted aortic arch. Acyanotic infants with potentially large left to right shunts tended to present during the second month of life, when the pulmonary vascular resistance fell.
United Kingdom has been reported to be between 5*5 and 5.9 per 1000 live births.'2 These figures are slightly lower than those obtained from studies performed in Europe and North America, which give an incidence of between 5.7 and 8-6 per 1000 live births. [3] [4] [5] [6] The most recent British study2 of the incidence of congenital heart disease in children born between 1957 and 1971 concluded that over three five year periods the overall incidence had remained constant but that there had been a change in the incidence of five major conditions. Uncomplicated ventricular septal defect and atrioventricular septal defect were increasing in frequency, whereas the incidence of venRequests for reprints to Dr E A Shinebourne, Brompton Hospital, Fulham Road, London SW3 6HP.
Accepted for publication 15 May 1984 tricular septal defect associated with right ventricular outflow tract obstruction (tetralogy of Fallot, pulmonary stenosis, or atresia with ventricular septal defect), the hypoplastic left heart syndrome, and ostium secundum atrial septal defect was decreasing.
While providing a guide to the likely prevalence of certain conditions overall incidence includes a large number of asymptomatic infants. The ongoing population based study of the New England Regional Infant Cardiac Program (NERICP) has estimated the incidence of symptomatic heart disease-that is, infants requiring cardiac catheterisation or cardiac surgery and infants who died of cardiac disease-at 2-6 per 1000 live births.7 If this figure is combined with prevalence figures for specific conditions a better guide to incidence and the need for provision of care will be obtained. The New England study has provided diagnostic frequencies of lesions presenting in the first year of life and has suggested higher frequencies of certain lesions, including transposition of the The presentation of symptomatic heart disease in infancy based on 10 years' experience (1973-82) great arteries, hypoplastic left heart syndrome, and other complex heart lesions, than those found in total occurrence data. These findings, together with the finding that 76-95% (mean 85%) of symptomatic heart disease presents during the first year of life,' 2468 led us to perform our study which examines the frequency distribution and presentation of symptomatic heart abnormalities in children admitted to the Brompton Hospital, London, during the first year of life.
During the past decade both regional neonatal and paediatric cardiac services have improved,9 and with better postgraduate education it might be expected that earlier referral to a specialist unit would have occurred. At our hospital, this is particularly so as joint paediatric cardiology clinics are held in local hospitals with general paediatricians. Thus virtually all symptomatic infants born in areas covered by these hospitals are identified and referred for further investigation when necessary. In addition, the incidence of certain conditions might be expected to have altered owing to the survival of infants who previously would have been stillborn, since the pattern and incidence of congenital heart disease in this group are known to differ from those of the population as a whole.256 Since the most significant improvements in care have been made relatively recently it might be expected that changes would have occurred within the past 'decade as well.
Patients and methods

DEFINITIONS AND CLASSIFICATION OF HEART DISEASE
The accurate definition of a condition is important when comparing incidence rates, a point made by Mitchell and others in their study on the incidence of congenital heart disease.5 In our study we used the same definition of congenital heart disease as Mitchell, who defined it as "a gross structural abnormality of the heart or intrathoracic great vessels that is actually or potentially of functional significance." In common with Mitchell, we excluded abnormalities of the systemic veins, such as persistent left superior vena cava or inferior vena cava-azygos continuity. We also excluded anomalies of the systemic artery branches. In contrast, we included persistent ductus arteriosus when it occurred within the first 14 days of life and was the only abnormality in a symptomatic infant.'0 Persistent ductus arteriosus was also considered to be significant when it occurred in association with persistent fetal or transitional circulation.
We defined symptomatic heart disease as that occurring in infants who were either cyanosed, had hypercyanotic spells, or were in heart failure, and were admitted to our unit. Asymptomatic infants with cardiac murmurs were not included within this definition since they were not usually referred for admission but were seen either locally in the joint cardiac clinics that we run with local paediatricians or in the outpatient department of our hospital.
In the study we used the classification of congenital heart disease as shown in Tables 1 and 2. In Table 1 lesions which are commonly associated are grouped together and classified further according to their symptomatic presentation. Since the placement of complex cardiac abnormalities was difficult we devised a method modified from that used in the NERICP study to identify the dominant lesion in these hearts. In Table 2 using the nomenclature described by Tynan et al" we listed the lesions which we considered to be more complex at the top and those of lesser importance at the bottom. This was done for convenience so that complex hearts with more than one lesion were then classified according to the dominant lesion, as listed in Table 2 . Thus coarctation of the aorta occurring in a heart with a univentricular-atrioventricular connexion was coded as double inlet ventricle not coarctation. For the purpose of classification, if pulmonary atresia occurred in the same heart it was ignored. Similarly, total anomalous pulmonary venous connexion was discounted when associated with cor triatriatum. Lesions such as Ebstein's anomaly, atrial isomerism, and secundum atrial septal defect were considered to be of minor importance unless they occurred in isolation.
In common with most classifications ours is not entirely satisfactory, and while lesions at the top of Table 2 will be fully reported there will be underreporting of conditions at the bottom. This means that the frequency of conditions such as coarctation of the aorta and pulmonary stenosis, which are frequently found in complex congenital heart disease, will be underestimated even though they may be the dominant lesion in these hearts from a functional point of view.
STUDY POPULATION
Infants aged 0-365 days, whose first admission to the Brompton Hospital was during the period 1973-82, were included in the study, which was carried out retrospectively. If infants had undergone cardiac catheterisation the diagnosis was obtained from these data. Where the diagnosis had been revised in the light of subsequent operation, repeat cardiac catheterisation, echocardiography, or postmortem examination the final diagnosis was used. In infants who had not undergone cardiac catheterisation at the Brompton Hospital the diagnosis was obtained from the case notes. Infants with non-structural heart disease were excluded from the study. In cases of complex heart disease lesions were given priority in accordance with 250 Scott, Rigby, Miller, Shinebourne In comparing our series with the findings of the New England series (NERICP) the x2 tests were used to examine the significance of differences between the two groups.
Results
The cardiac catheterisation data of 1693 infants together with the case notes of a further 454 infants were reviewed. Infants who had undergone catheterisation on more than one occasion were entered into the study only once, at the time of their initial catheterisation. During the study period 1665 infants were admitted with symptomatic heart disease, and 1360 infants had their diagnoses confirmed by cardiac catheterisation at the Brompton Hospital. The remaining 305 infants had either undergone cardiac catheterisation elsewhere or had their diagnoses established clinically with or without the help of echocardiography. Twelve infants underwent catheterisation and were found to have non-structural cardiac disease: eight had normal hearts, two systemic hypertension, and two were catheterised in order to perform electrophysiological studies. A total of 1653 symptomatic infants with structural heart disease was included in the study, and this is the total which has been used when the percentage distribution of the various lesions is considered.
PRESENTATION OF SYMPTOMATIC INFANTS
The number of infants presenting during the five year periods 1973-77 and 1978-82 was similar, although there was a 4% increase during the second five year period with an apparent but statistically insignificant trend for patients to present later ( Figs. 1 and 2 ). The trend towards later presentation was significant when The presentation of symptomatic heart disease in infancy based on IOyears' experience our figures were compared with those from the NERICP study7 (Table 3) .
DISTRIBUTION AND TYPES OF CONGENITAL HEART DISEASE
The distribution of symptomatic congenital heart dis- beyond the first day of life. After the first week acyanotic heart disease predominated, with coarctation presenting earlier than ventricular septal defect.
When we compared our findings with those of the NERICP series several important differences emerged (Table 5 ). In our series, tetralogy of Fallot and uncomplicated ventricular septal defect were significantly less common during the first week of life.
In the second week hypoplastic left heart syndrome was less common, whereas in the third week ventricu- The frequency of presentation of the main types of congenital heart disease at different ages shows that duct dependent circulatory disorders present in the first month of life, usually in the first week (Table 6) . Disorders with a high pulmonary blood flow present from the second month onwards, when the pulmonary vascular resistance has fallen. The peak time for presentation of ventricular septal defect, however, was later than this owing to the fact that, although most of these infants developed symptoms during the second month of life, they were usually first treated at their local hospital and admitted to our unit only when medical management had failed. Thus some children with ventricular septal defect were not considered to have presented to us until 34 months of age.
"PREVALENCE" OF CARDIAC LESIONS
The term "prevalence" is not strictly accurate when applied to the population of infants studied and has for the most part been avoided. Table 7 details the changes in occurrence of cardiac lesions during the two five year periods of the study (1973-77 and 1978-82). The statistically significant differences concern the proportion of cases of complete transposition, which showed a pronounced fall, and right ventricular outflow tract obstruction, which increased in frequency. The frequency of critical aortic stenosis also fell, but this fall may not represent a real change but may reflect the fact that during the early part of the study, when most infants underwent cardiac Conditions with "common mixing" presented either at birth because of the cyanosis or later when the pulmonary vascular resistance fell and the size of the left to right shunt increased. In many cases, however, there were additional lesions, such as coarctation, which determined the time of presentation.
Cases with left ventricular outflow obstruction, coarctation, and aortic interruption presented in the Scott, Rigby, Miller, Shinebourne first month of life (124/217 cases). A later presentation was associated with a milder degree of obstruction. If the obstruction was severe systemic flow was frequently dependent on a persistent ductus ateriosus, and hence closure of the ductus arteriosus was usually the factor which led to the development of symptoms. The association of a ventricular septal defect with coarctation did not appear to influence the time of presentation.
ASSOCIATED LESIONS
As has been mentioned, the nature of our classification led to the under-reporting of certain lesions. Hearts with univentricular-atrioventricular connexions were often associated with lesions such as pulmonary stenosis, pulmonary atresia, or coarctation; these have not been included. Truncus arteriosus was also associated with hypoplastic left heart on one occasion, whereas hypoplastic left heart was associated with congenitally corrected transposition once. Interrupted aortic arch was associated with complete transposition and ventricular septal defect in one heart. Critical aortic stenosis was seen in three infants with complex lesions.
INCIDENCE OF THE DIFFERENT LESIONS
Using the figures given for the population served, we may obtain a rough estimate of the actual incidence of selected cardiac lesions based on the assumption that for these conditions all cases will be detected. This enables us to compare our data prevalence with that of other series' 2 56 which have examined the incidence of specific types of congenital heart disease. Thus if our derived figures of incidence are compared with those from four recent studies there is good agreement for those conditions which present during the first year of life (Table 8 ). The numbers of cases of hearts with univentricular-atrioventricular connexion are higher than in the other series and may again reflect a real rise in incidence. As expected, the calculated incidence of lesions such as ventricular septal defect and atrial septal defect is lower than in the quoted series since these conditions are frequently asymptomatic-and not confined to the first year of life.
Discussion
The Brompton Hospital acts as a referral centre for cardiac cases both from district general hospitals and from other cardiac centres. Included in the latter category are patients from abroad, who are referred for surgery (mean 8.5%). When these cases are excluded the number of admissions to the unit over the past decade has been relatively constant. If it is assumed that the incidence of symptomatic heart disease is 2-6 per 1000 live births7 and that the birth rate in 1979, for a population of 49 million in England and Wales, was 12.0 per 100012 it can be calculated that the Brompton Hospital provides emergency paediatric cardiological care for a population of 5.16 million (11% of the total population of England and Wales). This assumes that all infants with symptomatic heart disease in the population are detected. In view of this our results are reasonably representative of the country as a whole. As our population size is an estimate, the use of the term prevalence-defined as the proportion of cases in a defined population at a particular point in time-is not strictly correct. When we examined the distribution of cases in our series over the two five year periods and compared them with that in the NERICP study we were observing a change in the proportion of symptomatic infants with particular cardiac conditions. It is possible, although extremely unlikely, that instead of certain lesions having become less common everything else had become more common. Nevertheless, on the basis that the population which we serve has not essentially changed during the 10 year period the proportion of particular cardiac anomalies in our series can reasonably be compared with the prevalence of anomalies in the New England (NERICP) study.
PRESENTATION OF SYMPTOMATIC INFANTS
If the two cohorts 1973-77 and 1978-82 are compared, both in terms of the numbers of infants presenting and the diagnoses within the two groups, this will give a reasonable guide to trends within the past decade. In terms of overall numbers there is considerable similarity between the two groups, with minor differences being explained in part by the larger number of patients referred from other cardiac centres (mainly abroad) in the second cohort. In 1973 fewer patients were referred, whereas in 1979 the reduced number of admissions can be attributed to the fact that part of the unit was closed for a period of three months; this was due to an outbreak of infection within the unit, which was caused by a particularly "sticky" though non-virulent Escherichia coli. During this period we were unable to accept neonatal admissions.
In the early years (1973-75) the proportion of neonatal admissions was slightly higher than in subsequent years, with the exception of 1980. This finding correlates well with the number of admissions for non-cardiac disease (respiratory distress syndrome, meconium aspiration, pneumothorax, and other neonatal pulmonary problems causing cyanosis), which was also increased in this period compared with subsequent years. The probable reason for this is that in the absence of specialist neonatal knowledge and "special care" facilities there was a tendency to overdiagnose cyanotic congenital heart disease in the neonatal period, and consequently any cyanosed infant was referred early. This explanation is borne out by the fact that the number of admissions during the first week of life, when most cases of cyanotic heart disease present, was lower in the second cohort.
The NERICP data show that over the period 197377 the tendency towards earlier case presentation has increased. This was attributed to (Table 3 ). This figure is significantly higher and reflects the increased centralised care aimed at in the United States and thought desirable in this country. 9 In the early part of the study we used to admit critically ill infants. Over the second five years this became an infrequent occurrence, and most infants presently admitted to our unit are in reasonable condition. Acid base balance has usually been corrected and infants have often received or are receiving prostaglandin E infusions and inotropic and at times ventilatory support. We attribute this change to improved local care and the close liaison that we have maintained with our referring paediatricians.
DISTRIBUTION AND TYPES OF CONGENITAL HEART DISEASE
The distribution of congenital heart disease in our 10 year cohort of infants was compared with similar data from the NERICP study taken over the five years from 1969-74 (Table 4 Thus secundum atrial septal defects were coded as the diagnosis when they were the sole abnormality leading to symptoms. Ostium primum atrial septal Scott, Rigby, Miller, Shinebourne defects were coded with endocardial cushion defects under the generic term atrioventricular septal defect. The diagnosis of complex congenital heart disease has been refined during the past few years, and it is possible, for example, that some hearts with double outlet ventricle and some with univentricularatrioventricular connexion may have been misdiagnosed in the early part of the study. This is borne out by the considerable increase in the number of infants with double outlet ventricle in the second five year cohort. "Univentricular heart" is now coded according to whether it is of left, right, or indeterminate ventricular morphology, whereas during the period of the first cohort the ventricular morphology was often unspecified.
The occurrence of hypoplastic left heart syndrome is significantly lower than in other reported series. This condition presents early, and the relatively small number of cases in our study may be due to several factors. Firstly, in the early part of the study some cases were seen at this hospital as outpatients, had their diagnosis confirmed echocardiographically, and were then returned to the referring hospital without being admitted to our unit. Secondly, the diagnosis may have been made locally, and the infants not referred. Thirdly, the diagnosis may have been missed, so that the infants died locally without referral. We consider that the last explanation is responsible for only a very few cases, since the number of cases of coarctation of the aorta is actually increased when compared with the NERICP data. As the symptoms overlap with hypoplastic left heart syndrome it is unlikely that cases of coarctation are detected and referred, whereas those of hypoplastic left heart are not. Thus we believe that the relative numbers of cases of hypoplastic left heart syndrome presenting to this hospital are lower than those seen in the New England series. There is, however, an alternative explanation. Infants with coarctation and a small left ventricle may be classified in the New England series as having the hypoplastic left heart syndrome. This hypothesis may have some credence because at the Brompton Hospital (142"/o) and in the New England series (14-90/%) the total percentage of patients with coarctation or the hypoplastic left heart syndrome is similar. Against this is the fact that among the deaths in our series no cases of coarctation of the aorta or the hypoplastic left heart syndrome were reclassified on the basis of necropsy findings.
The increased detection of coarctation of the aorta, which we attribute to our postgraduate education programme, was the most important development noted during the past decade. When undetected, and when causing symptoms in infancy, the condition has a high mortality. It is particularly unfortunate that some cases are missed, when they can usually be The presentation of symptomatic heart disease in infancy based on 10 years' experience (1973-82) cured by surgery with a relatively low operative mortality. 13 We are unable to explain the change in prevalence of complete transposition of the great arteries and right ventricular outflow tract obstruction and therefore suspect a real change in incidence of these conditions.
AGE OF PRESENTATION
The total prevalence figures for all conditions show that the peak time of presentation is during the first two weeks of life. This is when ductal closure occurs and when duct dependent conditions present. Conditions dependent on a low pulmonary vascular resistance present later, about the second to third month.
A comparison with the North American data (Table  5) shows several important differences. Both tetralogy of Fallot and ventricular septal defect were less common in the first week of life, and we suspect that this is due to our practice of not investigating asymptomatic infants with cardiac murmurs. In the second and third weeks of life ventricular septal defects were again less common, although in the second week the difference did not reach statistical significance. The relative frequency of the hypoplastic left heart syndrome was lower in our study (Table 5) , and this difference was largely due to fewer cases presenting in the second week. As this condition has nearly 100%o mortalityl 35 all cases should be detected-either after admission to hospital or at necropsy of infants dying at home-in the second week of life. In practice, the numbers missed are small, and it seems likely that there is a real difference in incidence and that the later presentation in the NERICP series is due to a delay in diagnosis. As secundum atrial septal defects are rarely symptomatic in infancyl4 the low number detected in our series is not surprising. The much higher prevalence in the NERICP study again supports our view that many of the differences between the two studies are due to a different interpretation of what constitutes symptoms.
CONCLUSION
The incidence of complete transposition of the great arteries is likely to be declining, and that of right ventricular outflow tract obstruction is increasing. The numbers of complex cardiac lesions also seem to be on the increase, although this may in part reflect greater recognition and characterisation with cardiac catheterisation, angiography, and cross sectional echocardiography. We have shown that symptomatic infants present at times when there are fundamental changes occurring in the circulation. Our policy of close liaison with referring paediatricians has improved the condition of infants referred to us and has led to the earlier detection of cases of coarctation of the aorta.
